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A simple deep eutectic solvent based on tin (II) chloride was used as a dual catalyst and environmentally benign reaction medium
for an eﬃcient synthesis of 3,4-dihydropyrimidin-2(1H)-one derivatives, from aromatic and aliphatic aldehydes, 1,3-dicarbonyl
compounds, and urea in good-to-excellent yields and short reaction time. This simple ammonium deep eutectic solvent, easily
synthesized from choline chloride and tin chloride, is relatively inexpensive and recyclable, making it applicable for industrial
applications.
1.Introduction
Inrecentyears,utilizationofroom-temperatureionicliquids
(RTILs) in organic synthesis and industry has received great
attention due to their unusual properties compared with
traditional molecular solvents, such as undetectable vapor
pressure, wide liquid temperature range, special solubility
for many organic or inorganic compounds, and favorable
environments.Acloselyrelatedclassofsolventswithphysical
propertiesandphasebehaviorsverysimilartothoseofRTILs
are room-temperature deep eutectic solvents (DESs), which
were developed by Abbott and coworkers. These eutectic
mixtures are attractive alternatives to RTILs, as DESs can be
less expensive, more synthetically accessible, nontoxic, and
biodegradable [1–4].
The Biginelli reaction is an important and one-pot,
multicomponent domino reaction, which allows easy access
to Polyfunctionalized dihydropyrimidinones (DHPMs) in
an environmentally benign and atom-economic fashion of
an aldehyde, urea, and a β-ketoester under strongly acidic
conditions [5–8]. In recent years, dihydropyrimidinones and
their derivatives occupy an important place in the realm
of natural and synthetic organic chemistry because of their
biological activities such as antiviral, antitumor, antibacte-
rial, and anti-inﬂammatory properties. In addition, these
compounds have emerged as potent calcium channel block-
ers, therapeutic and pharmacological properties (Figure 1)
[9–12].
Due to their several applications in the biology and
medical chemistry, considerable interest in this transforma-
tion has steadily increased over the past decade and several
improved procedures have recently been reported [13–47].
However, some of the methods employed for DHPM synthe-
sis have drawbacks, for example, the use of strongly acidic
conditions, the use of protic acids, prolonged reaction times,
low-to-moderate yields, and organic solvent.
2.MaterialsandMethods
2.1. Chemicals. Reactions were monitored by TLC and
GC. FT-IR spectra were recorded using KBr disks on a
Bruker Vector 22 FT-IR Spectrometer, 1H NMR spectra were
recorded on 500MHz NMR spectrometer, and 13CN M R
spectra were recorded on 125MHz NMR spectrometer,
respectively, using CDCl3 or DMSO, as a solvent. Chemical
shifts have been expressed in ppm downﬁeld from TMS.
Melting points were recorded on Buchi 535 melting point
apparatus and are uncorrected. All starting materials and
choline chloride and Tin chloride are commercially available2 The Scientiﬁc World Journal
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Figure 1: Some biologically active dihydropyrimidinones derivatives.
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Scheme 1: Optimization of reaction condition.
and were purchased and used without further puriﬁcation.
Water and other solvent were distilled before used.
2.1.1. Preparation of Deep Eutectic Solvent. The general route
for the synthesis of the ionic liquids was as follows:
choline chloride (100mmol) was mixed with tin chloride
(200mmol) and heated to ca. 100◦C in air with stirring until
a clear colourless liquid was obtained.
2.1.2. General Procedure. A mixture of benzaldehyde
(3mmol), urea (3mmol), and methyl acetoacetate (3mmol)
in tin (II) chloride-choline chloride (2:1) (0.1mL) ionic
liquid was added into a test tube with a magnetic stirring
bar under N2 atmosphere. The test tube was heated in an oil
bath at 100◦C for 30 minutes and then was cooled to room
temperature slowly, and ethyl acetate and in some cases
ethanol (10mL) was added slowly and ﬁltered oﬀ to extract
the product from the deep eutectic solvent. For most of the
reactions, puriﬁcation was not necessary and the products
were analyzed by 1H NMR spectroscopy and melting point;
however, appropriate recrystallization in hot ethanol was
used for further puriﬁcation. All compounds were known
and were characterized on the basis of their spectroscopic
data (IR, NMR) and melting point by comparison with
those reported in the literature.
3. Results and Discussion
During the course of our study aiming at improving the
ecocompatibility of certain organic processes, we have been
particularly interested in the development of organic trans-
formations in a purely aqueous system to develop environ-
mentallybenignreactions[48–57]. Herein, we wish to report
deepeutecticsolventasanovelcatalystandreactionmedium
for an eﬃcient preparation of 3,4-dihydropyrimidinones
under mild reaction conditions with short reaction time and
simple work-up.The Scientiﬁc World Journal 3
Table 1: (SnCl2)2ChCl catalyzed green synthesis of dihydropyrimidinons.
OMe
OO
OC2H5
OO OO OO OO
O
H2NN H 2
OO
R R
RCHO + +
O
O
NH R
R
R
N
H
N
H
OC2H5
OO
Ph
Cl
SnCl2/ChCl (0.1 mL)
100◦C, 30–80 min
1
2
3
2a 2b 2c 2d 2e 2f
Entry Aldehyde (1) Ketoester (2) Yields (3) (%) Mp (◦C) found Mp (◦C) reported
1
2
3
4
5
CHO
2a
2b
2c
2d
2e
95
95
95
84
80
230–233
207–209
233
179–182
288–290
233–236 [23]
206-207 [24]
232–235 [29]
180 [30]
287–290 [31]
6
7
8
9
Cl CHO
2a
2b
2c
2e
95
94
92
90
202–205
214–216
232–234
Decom.
204-205 [32]
213–215 [24]
230–232 [33]
>300 [47]
10
11
12
CHO Br 2a
2b
2c
90
92
74
219
221–224
236–239
218–220 [34]
220–222 [35]
235–238 [8]
13
14
15
CHO MeO 2a
2b
2c
85
88
80
166–168
206–209
180–182
166–168 [23]
206-207 [36]
178–180 [24]
16
17
CHO MeO
OMe
2a
2b
80
75
226–228
160–162
225–227 [37]
158–160 [38]
18
19
CHO O2N 2a
2b
78
82
238–240
210–214
235–237 [24]
208–211 [24]
20
21
CHO
Br
2a
2b
90
88
230–232
188–190
229–231 [39, 40]
185-186 [41]
22
23
CHO
O2N
2a
2f
68
60
280–282
226–229
279-280 [31]
225-226 [42]
24
25
CHO O
2a
2b
80
74
204–206
206–209
202–204 [43]
206–208 [44]4 The Scientiﬁc World Journal
Table 1: Continued.
OMe
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R
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H
N
H
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Cl
SnCl2/ChCl (0.1 mL)
100◦C, 30–80 min
1
2
3
2a 2b 2c 2d 2e 2f
26
27
Cl
Cl CHO
2a
2b
84
88
260–262
250–252
255–257 [45]
248–250 [46]
28 CHO HO 2b 80 224–227 226–228 [42]
29 CHO 2b 62 170 170-171 [42]
In an initial experiment, benzaldehyde (1mmol) was
treated with urea (1mmol) and ethyl acetoacetate (1mmol)
in ﬁve choline-based deep eutectic solvents at diﬀer-
ent re-action condition. First ﬁndings indicated that, Tin
chloride/choline-chloride-(ChCl/SnCl2-) based deep eutec-
tic sol-vent (0.1mL) at 100◦C was an excellent reaction
condition and dihydropyrimidinones (DHPMs) 3 were
o b t a i n e di n9 5 %yi e l di n3 0m i n( Scheme 1). Other chlorine-
based ionic liquids such as urea/choline chloride, polyethy-
lene/choline chloride, zinc chloride/choline chloride drive
the desired products in low yields.
Under optimized reaction conditions, a broad range of
structurally diverse 1,3-dicarbonyl compounds such as eth-
ylacetoacetate (2a), methylacetoacetate (2b), pentane-2,4-
dione (2c), ethyl 3-oxo-3-phenylpropanoate, (2d) 5,5-
dimethyl-1,3-Cyclohexanedione (2e), 3-oxo-N-(2-chloro-
phenyl)butanamide (2f), aromatic and aliphatic aldehydes,
and urea are subjected to this green procedure to produce
the corresponding dihydropyrimidinones not only in good
yield but also with higher reaction rates (Table 1). A
wide variation of alkyl groups and sensitive functionalities
such as NO2,Cl,OH,OMe, and heterocyclic moieties in 1,3-
d i c a r b o n y lc o m p o u n da sw e l la si na l d e h y d ea r et o l e r a t e di n
this procedure to provide a library of dihydropyrimidinones
with a variety of substituents.
In general, the reactions are very clean, and no side
product was obtained in any run. In fact, the crude products
obtained are of high purity and do not require any chro-
matographicseparationinmostcases.Recrystallizationfrom
hot ethanol provides analytically pure sample. Furthermore,
deep eutectic solvent was recycled and reused for four times
without any loss of activity.
4. Conclusion
This work describes the one-pot, three-component proce-
dure of the synthesis of dihydropyrimidin-2(1H)-ones in
deep eutectic solvent that provides an eﬃcient and practi-
cal modiﬁcation of Biginelli reaction. The separation and
puriﬁcation process are very simple and convenient, only
needing recrystallization. Starting materials are inexpensive
and commercially available. Moreover, this method oﬀers
several advantages including high yields, short reaction
times, and a simple work-up procedure, and it also has the
ability to tolerate a wide variety of substitutions in all three
components, which is lacking in existing procedure.
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